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An input and output device of an inspection device is 
configured to instruct charging devices capable of charging 
respective cells to perform constant current charging or 
constant voltage charging , and acquire a voltage value and 
a current value of each of the cells from corresponding one 
of the charging devices . A controller of the inspection device 
is configured to instruct the charging devices to perform 
constant current charging of the respective cells , and per 
form constant voltage charging of the respective cells when 
a voltage value of each of the cells acquired from corre 
sponding one of the charging devices reaches a preset value . 
The controller of the inspection device is configured to 
determine presence or absence of a micro - short circuit in 
each of the cells with reference to a peak current value of 
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corresponding one of the cells generated in switching from 
the constant current charging to the constant voltage charg 
ing . 
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INSPECTION DEVICE , INSPECTION nique that enables determination of presence or absence of 
METHOD , INSPECTION PROGRAM , a micro - short circuit with high accuracy in a short period of 
MANAGEMENT DEVICE , AND POWER time . 

STORAGE SYSTEM An inspection device according to an aspect of the present 
5 invention includes : an input and output device configured to 

TECHNICAL FIELD instruct a charging device capable of charging a cell to 
perform constant current charging or constant voltage charg 

The present invention relates to an inspection device , an ing , and acquire a voltage value and a current value of the 
inspection method , an inspection program , a management cell from the charging device ; and a controller configured to 
device , and a power storage system that are configured to 10 instruct the charging device to perform constant current 
inspect presence or absence of a micro - short circuit . charging of the cell , and perform constant voltage charging 

of the cell when a voltage value of the cell acquired from the 
BACKGROUND ART charging device reaches a preset value . The controller is 

configured to determine presence or absence of a micro 
In recent years , secondary batteries , such as lithium ion 15 short circuit in the cell with reference to a peak current value 

batteries and nickel hydride batteries , have been used for of the cell generated in switching from the constant current 
various purposes . In such a battery , a micro - short circuit may charging to the constant voltage charging . 
occur between its electrodes due to foreign matter , such as Any desired combinations of the above - described con 
dust or dirt , which may be mixed in the battery during a figuration elements and converted expressions of the present 
process of manufacturing a secondary battery cell . A micro- 20 invention in methods , devices , systems , computer programs , 
short circuit may cause overheating , and thus should be and other similar entities are still effective as aspects of the 
removed by inspection before shipment . present invention . 
One way for detecting a micro - short circuit in a cell is to The present invention enables determination of presence 

determine that a cell showing a large reduction in voltage as a or absence of a micro - short circuit with high accuracy in a 
compared to a normal cell during a suspension period of 25 short period of time . 
charging and discharging is a micro - short - circuited cell . 
Another way for the detection is to determine that a cell BRIEF DESCRIPTION OF DRAWINGS 
showing a small increase in voltage as compared to a normal 
cell during constant current charging is a micro - short- FIG . 1 is a view showing a configuration of an inspection 
circuited cell . Another way for the detection is to determine 30 system according to a first exemplary embodiment of the 
that a cell showing a large reduction in voltage as compared present invention . 
to a normal cell during constant current discharging is a FIG . 2 is a block diagram illustrating a configuration 
micro - short - circuited cell . A yet another way for the detec- example of an inspection device in FIG . 1 . 
tion is to determine that a cell showing a small reduction in FIG . 3 is a flowchart illustrating an operation of the 
charging current as compared to a normal cell during con- 35 inspection system according to the first exemplary embodi 
stant current charging is a micro - short - circuited cell ( See ment of the present invention . 
PTL 1 , for example ) . FIGS . 4A and 4B are views each illustrating a simulation 

result ( where micro - short circuit resistance = 1002 ) of an 
CITATION LIST inspection method according to the first exemplary embodi 

40 ment of the present invention . 
Patent Literature FIGS . 5A and 5B are views each illustrating a simulation 

result ( where micro - short circuit resistance = 20092 ) of the 
PTL 1 : Unexamined Japanese Patent Publication No. inspection method according to the first exemplary embodi 

2003-59544 ment of the present invention . 
FIGS . 6A and 6B are views each illustrating a simulation 

SUMMARY OF THE INVENTION result ( where micro - short circuit resistance = 50092 ) of the 
inspection method according to the first exemplary embodi 

One of the above described ways in which a micro - short ment of the present invention . 
circuit is detected based on the voltage after a suspension FIG . 7 is a view summarizing current differences between 
period , which is provided after charging , has a problem that 50 a normal cell and a micro - short - circuited cell in the simu 
a reduction in voltage during the suspension period is minute lation results of the inspection method according to the first 
if the short circuit occurs with high resistance . In this case , exemplary embodiment of the present invention . 
a cell may be determined as non - defective even if foreign FIG . 8 is a view summarizing voltage differences between 
matter is mixed in , since the minute reduction in voltage a normal cell and a micro - short - circuited cell in the simu 
may not reach a reference voltage for quality determination . 55 lation results of the inspection method according to the first 
This may lead to shipment of the cell with foreign matter exemplary embodiment of the present invention . 
mixed in . In addition , the suspension period needs to be FIG . 9 is a view illustrating a configuration of a power 
relatively long so as to detect a micro - short circuit . With the storage system according to a second exemplary embodi 
above - described other methods , a defective cell can hardly ment of the present invention . 
be detected with high accuracy unless a value of micro - short 60 
circuit resistance is low , such as several tens of ohms . In the DESCRIPTION OF EMBODIMENTS 
case where the micro - short circuit resistance is several 
hundred ohms , the voltage or the charging current varies First Exemplary Embodiment 
only slightly , which makes it difficult to determine presence 
or absence of a micro - short circuit with high accuracy . FIG . 1 is a view showing a configuration of inspection 
The present invention has been made in view of the above system 1 according to a first exemplary embodiment of the 

circumstances , and an object thereof is to provide a tech- present invention . Inspection system 1 is a system config 
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ured to inspect cells for a micro - short circuit . Inspection FIG . 2 is a block diagram illustrating a configuration 
system 1 is configured to inspect lithium ion battery cells , example of inspection device 10 in FIG . 1. Inspection device 
nickel hydride battery cells , lead - acid battery cells , electric 10 includes controller 11 , communication interface 17 , and 
double layer capacitor cells , lithium ion capacitor cells , and user interface 18. Controller 11 includes control instruction 
the like . Hereinafter , the present exemplary embodiment 5 generator 12 , data acquisition unit 13 , CC / CV charge con 
gives an example in which a cylindrical lithium ion battery troller 14 , micro - short circuit determination unit 15 , and 
( nominal voltage : 3.6 V to 3.7 V ) is subjected to inspection . determination result notification unit 16. The configuration 

Inspection system 1 includes inspection device 10 and of controller 11 may be provided by hardware and software 
charging devices 21-2n , and inspection device 10 is con- resources working together or hardware resources alone . 
nected with each of charging devices 21-2n through com- 10 Available hardware resources include microcomputers , digi 
munication line 30. Inspection device 10 may be a general- tal signal processors ( DSPs ) , field - programmable gate arrays 
purpose information processing device a personal computer ( FPGAs ) , read - only memories ( ROMs ) , random - access 
( PC ) , a tablet , a smartphone , etc. ) , or may be a dedicated memories ( RAMS ) , and other large - scale integrated circuits 
device for inspection . ( LSIS ) . The software resource may be a program such as 
Among charging devices 21-2n , one charging device 21 is 15 firmware . 
connected with reference cell Si , and the other charging Control instruction generator 12 is configured to generate 
devices 22-2n are respectively connected with inspection a CC charge instruction including a target current value , or 
target cells S2 - Sn . Reference cell S1 is a cell to be compared a CV charge instruction including a target voltage value , and 
with inspection target cells S2 - Sn , and is a normal cell in notify charging devices 21-2n of the instruction through 
which no micro - short circuit occurs . 20 communication interface 17. Data acquisition unit 13 is 

Charging device 21 is configured to charge reference cell configured to acquire a current value and a voltage value of 
S1 . Charging device 21 includes an AC / DC converter , a each of reference cell S1 and inspection target cells S2 - Sn 
current sensor , a voltage sensor , and a controller . The from charging devices 21-2n through communication inter 
AC / DC converter is configured to output DC power by face 17. Data acquisition unit 13 is configured to transmit the 
converting AC power supplied from commercial power 25 acquired current value and voltage value to CC / CV charge 
supply system 2 ( hereinafter simply referred to as system 2 ) controller 14 and micro - short circuit determination unit 15 . 
to DC power . The current sensor is configured to detect an Communication interface 17 is configured to execute a 
output current from charging device 21 ( an electric current predetermined communication control processing ( such as 
flowing in reference cell S1 ) . The voltage sensor is config- communication control processing conformance to a stan 
ured to detect an output voltage from charging device 21 ( a 30 dard of TCP / IP , RS - 485 , or the like ) , and communicate with 
voltage applied to reference cell S1 ) . charging devices 21-2n through communication line 30 . 

The controller is configured to notify inspection device 10 Communication line 30 may be a metal cable or an optical 
of the output current detected by the curre sensor and the fiber cable . 
output voltage detected by the voltage sensor through com- During inspection , CC / CV charge controller 14 instructs 
munication line 30. The controller is configured to control 35 control instruction generator 12 to perform CC charging in 
the AC / DC converter based on a control instruction notified a state where a voltage value of reference cell S1 is less than 
by inspection device 10 , the output current detected by the a preset value , and instructs control instruction generator 12 
current sensor , and the output voltage detected by voltage to perform CV charging in a state where the voltage value 

of reference cell S1 is equal to or greater than the preset 
In the case where inspection device 10 issues an instruc- 40 value . Micro - short circuit determination unit 15 is config 

tion of constant current charging ( hereinafter referred to as ured to determine presence or absence of a micro - short 
CC charging ) , for example , the controller controls a duty circuit in each of inspection target cells S2 - Sn based on a 
cycle of a switching element in the AC / DC converter so that current value at the time of switching charging of inspection 
the detected output current maintains a target current value . target cells S2 - Sn from CC charging to CV charging . Deter 
For example , the controller decreases the duty cycle when 45 mination result notification unit 16 is configured to output a 
the detected output current is greater than the target current determination result of presence or absence of a micro - short 
value , and increases the duty cycle when the detected output circuit in each of inspection target cells S2 - Sn to user 
current is less than the target current value . In the case where interface 18. User interface 18 includes at least one of a 
inspection device 10 issues an instruction of constant volt- display , a speaker , and a printer , and is configured to output 
age charging ( hereinafter referred to as CV charging ) , for 50 the determination result by performing at least one of 
example , the controller controls the duty cycle of the switch- displaying , sound output , and printing . 
ing element in the AC / DC converter so that the detected FIG . 3 is a flowchart illustrating an operation of inspec 
output voltage maintains a target voltage value . tion system 1 according to the first exemplary embodiment 

Charging devices 22-2n are configured to charge inspec- of the present invention . Control instruction generator 12 is 
tion target cells S2 - Sn respectively , and have a configuration 55 configured to generate a control instruction for causing 
identical to that of charging device 21. A common AC / DC reference cell S1 and inspection target cells S2 - Sn to be 
converter may be provided between system 2 and charging discharged until a predetermined voltage ( a discharge ter 
devices 21-2n . In such a case , each of charging devices mination voltage , for example ) is reached , and notify charg 
21-2n includes a DC / DC converter , instead of an AC / DC ing devices 21-2n of the control instruction of the control 
converter . 60 instruction ( S10 ) . In the case of lithium ion battery cells , a 
When electric power charged in reference cell S1 and discharge termination voltage is normally set at about 3.0 V 

inspection target cells S2 - Sn is discharged , electric current is ( state of charge ( SOC ) = 0 % ) . 
fed through a load resistor ( not shown ) or fed back to system In a state where voltages of reference cell S1 and inspec 
2 for regeneration . In the case where electric current is fed tion target cells S2 - Sn are all at the predetermined voltage , 
back to system 2 for regeneration , each of charging devices 65 control instruction generator 12 generates a control instruc 
21-2n requires a bidirectional AC / DC converter or a bidi- tion to start CC charging , and notify charging devices 21-2n 
rectional DC / DC converter . of the control instruction ( S11 ) . This control instruction 
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includes a target current value ( 0.58 A = 0.2 C , for example ) . ise is that a target current value at the time of CC charging 
When receiving this control instruction , charging devices is 0.58 A , and a target voltage value at the time of CV 
21-2n starts CC charging of reference cell S1 and inspection charging is 4.2 V. FIG . 7 shows transitions of the current 
target cells S2 - Sn ( S12 ) . differences obtained by deducting the current values of 
When a voltage value of reference cell S1 acquired by 5 micro - short - circuited cells in five patterns , i.e. , 1009 , 

data acquisition unit 13 reaches a first preset value ( 4.2 V , for 20092 , 3002 , 40022 , and 50022 ) from the current value of a 
example ) ( Y in S13 ) , control instruction generator 12 gen- normal cell . 
erates a control instruction for switching from CC charging In a period before switching from CC charging to CV 
to CV charging , and notifies charging devices 21-2n of the charging ( see region b ) , a normal cell and a micro - short 
control instruction ( S14 ) . This control instruction includes a 10 circuited cell are charged at the same current value by CC 
target voltage value ( 4.2 V for example ) . When receiving charging , and thus a current difference is zero . A large 
this control instruction , charging devices 21-2n start CV current difference occurs in switching from CC charging to 
charging of reference cell S1 and inspection target cells CV charging ( see region b ) . At this time , as a value of 
S2 - Sn ( S15 ) . micro - short circuit resistance decreases ( as a micro - short 
When a current value of reference cell S1 acquired by data 15 circuit develops further ) , a current difference increases . For 

acquisition unit 13 reaches a second preset value ( 20 mA , for example , when the micro - short circuit resistance is 10092 , a 
example ) ( Y in S16 ) , micro - short circuit determination unit current difference at the time of switching is 1.7 A , which is 
15 determines presence or absence of a micro - short circuit about three times greater than an electric current for CC 
in each of inspection target cells S2 - Sn based on a peak charging ( 0.58 A ) . 
current value generated at the time of switching charging of 20 The above described threshold value for determining 
inspection target cells S2 - Sn from CC charging to CV presence or absence of a micro - short circuit is determined 
charging ( S17 ) . For example , micro - short circuit determi- based on characteristics of a cell , a target current value at the 
nation unit 15 calculates a difference between a peak current time of CC charging , a voltage value at the time of switching 
value of inspection target cells S2 - Sn at the time of switch- from CC charging to CV charging ( the above described first 
ing from CC charging to CV charging and a current value of 25 preset value ) , and a boundary value of the micro - short 
reference cell S1 , and determines that an inspection target circuit resistance for determination of a normal cell . For 
cell having the difference equal to or greater than a threshold example , the threshold value is set around 1.7 A in the case 
value is a cell with a micro - short circuit . Micro - short circuit where the micro - short circuit resistance for determination of 
determination unit 15 determines that an inspection target a normal cell is set equal to or greater than 1009 and an 
cell having the difference less than the threshold value is a 30 inspection is performed under the above described condi 
cell without a micro - short circuit . tions . Micro - short - circuited cells of 2002 , 30022 , 40092 , and 
FIGS . 4A and 4B are views each illustrating a simulation 5002 shown in FIG . 7 are determined as normal cells , as 

result ( where micro - short circuit resistance = 10092 ) of an their current differences described above are less than 1.7 A. 
inspection method according to the first exemplary embodi- FIG . 8 is a view summarizing voltage differences between 
ment of the present invention . In this example , an inspection 35 a normal cell and a micro - short - circuited cell in the simu 
target cell is a cell having micro - short circuit resistance of lation results of the inspection method according to the first 
10022 ( hereinafter , referred to as micro - short - circuited exemplary embodiment of the present invention . As the 
cell ) . FIG . 4A shows transitions of charging currents of a switching point from CC charging to CV charging ( see 
normal cell and a micro - short - circuited cell during inspec- region b ) approaches , the voltage differences grow larger 
tion , and FIG . 4B shows transitions of charging voltages of 40 and reach the maximum at the time of switching ( see region 
a normal cell and a micro - short - circuited cell . A target b ) . However , even in the case of a micro - short - circuited cell 
current value at the time of CC charging is 0.58 A , and a of 10092 , a voltage difference between the micro - short 
target voltage value at the time of CV charging is 4.2 V. In circuited cell and a normal cell is about 70 mV , which is a 
the micro - short - circuited cell , a peak current of about 2.0 A value less than 2 % of the cell voltage . It can be seen from 
is instantaneously generated at the time of switching from 45 FIGS . 7 and 8 that presence or absence of a micro - short 
CC charging to CV charging ( see region a ) . In the normal circuit can be determined more easily by referring to a 
cell ( micro - short circuit resistance = co ) , almost no peak cur- current difference than by referring to a voltage difference at 
rent is generated . the time of switching from CC charging to CV charging ( see 

FIGS . 5A and 5B are views each illustrating a simulation region b ) . 
result ( where micro - short circuit resistance = 2002 ) of the 50 As described above , the first exemplary embodiment 
inspection method according to the first exemplary embodi- utilizes a peak current generated at the time of switching 
ment of the present invention . In this example , a peak from CC charging to CV charging , thereby enabling deter 
current of about 1.2 Ais generated in a micro - short - circuited mination of presence or absence of a micro - short circuit with 
cell at the time of switching from CC charging to CV high accuracy in a short period of time . The above described 
charging ( see region a ) . The peak current value is less than 55 way in which a micro - short circuit is detected based on the 
that of the simulation result shown in FIG . 4A . voltage of a cell after a suspension period provided after a 

FIGS . 61 and 6B are views each illustrating a simulation charging process requires several days to detect a micro 
result ( where micro - short circuit resistance = 50012 ) of the short circuit . On the other hand , the detection method 
inspection method according to the first exemplary embodi- according to the first exemplary embodiment requires only 
ment of the present invention . In this example , almost no 60 a few hours to finish the inspection . 
peak current is generated in a micro - short - circuited cell at The method utilizing a peak current generated at the time 
the time of switching from CC charging to CV charging ( see of switching from CC charging to CV charging enables 
region a ) like in a normal cell . detection of high - resistance micro - short circuit equal to or 

FIG . 7 is a view summarizing current differences between greater than 10092. Contrary to this , a conventional method 
a normal cell and a micro - short - circuited cell in the simu- 65 of monitoring the voltage can hardly detect a micro - short 
lation results of the inspection method according to the first circuit with high accuracy without a progress in a value of 
exemplary embodiment of the present invention . The prem- the micro - short circuit resistance to several tens of ohms . 
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The conventional method cannot hardly determine whether is configured to determine presence or absence of a micro 
a voltage variation is caused by a micro - short circuit or by short circuit of strings 61-6m , recognizing strings 61-6m as 
other reasons , such as a temperature change , in a stage where inspection target cells of the first exemplary embodiment . 
a value of micro - short circuit resistance is several hundred Specifically , master management device 51 is configured to 
ohms . 5 instruct power converter 40 to perform CC charging to 

charge the power storage unit , and then perform CV charg 
Second Exemplary Embodiment ing to charge the power storage unit when a voltage value of 

the power storage unit reaches a preset value . Management 
FIG . 9 is a view of a configuration of power storage device 51 is configured to determine presence or absence of 

system 5 according to a second exemplary embodiment of 10 a micro - short circuit of each of strings 61-6m based on a 5 
the present invention . Power storage system 5 includes a peak current value of each of strings 61-6m generated at the 
power storage unit formed of power storage modules 611- time of switching from CC charging to CV charging . 
6mn , power converter 40 , DC / DC converters 41-4m , a For example , management device 51 calculates a differ 
master management device 51 , and slave management ence between a peak current value of one target string and 
devices 52-5m . The power storage unit includes m strings of 15 an average value of the peak current values of all the strings 
power storage modules connected in parallel ( m is an integer excluding the maximum and minimum values at the time of 
equal to or greater than 2 ) , and each of the strings includes switching from CC charging to CV charging . Management 
n power storage modules connected in series ( n is an integer device 51 estimates that a micro - short circuit occurs in the 
equal to or greater than 1 ) . Each of the strings including n target string when the difference is equal to or greater than 
power storage modules connected in series may be formed 20 a threshold value , and estimates that no micro - short circuit 
of a rack . occurs in the target string when the difference is less than the 

Power paths for charging / discharging strings 61-6m are threshold value . When estimating that a micro - short circuit 
combined to one power path and connected to power con- occurs , management device 51 causes the user interface to 
verter 40. Power converter 40 is connected between strings issue an alert message indicating the possibility of occur 
61-6m and system 2. Power converter 40 is configured to 25 rence of a micro - short circuit in the target string . Then , a 
convert direct current power ( DC power ) discharged from maintenance manager inspects the string subjected to the 
strings 61-6m into alternating current power ( AC power ) to alert message , and makes a final determination regarding 
output the AC power to system 2 , and convert AC power presence or absence of a micro - short circuit . 
received from system 2 into DC power to charge strings Instead of using a detected peak current value , the peak 
61-6m . 30 current value may be estimated by dividing a voltage value , 
Power converter 40 , which may be implemented by a which is obtained by subtracting a detected voltage from a 

typical power conditioner system ( PCS ) , includes a bidirec- constant voltage at the time of switching from CC charging 
tional DC / DC con ter ( not shown ) and a bidirectional to CV charging , by an internal resistance value of each of the 
inverter ( not shown ) . The bidirectional DC / DC converter power storage modules . When power storage system 5 , 
controls CC charging / discharging or CV charging / discharg- 35 which is formed of multiple parallel - series connections , 
ing . The bidirectional inverter converts DC power into AC includes a large number of parallel connections or a small 
power or AC power into DC power . Note that , the bidirec- number of series connections , the internal resistance 
tional inverter may serve the both functions instead of decreases in each of the power storage modules , and when 
providing the bidirectional DC / DC converter . power storage system 5 includes a small number of parallel 

First DC / DC converter 41 of first string 61 is provided 40 connections or a large number of series connections , the 
between power converter 40 and power storage modules internal resistance increases in each of the power storage 
611-61n . First DC / DC converter 41 is controlled by first modules . High internal resistance leads to a reduction in 
management device 51. The other DC / DC converters from contribution of micro - short circuit resistance , which results 
second DC / DC converter 42 of second string 62 to m - th in a decrease in the detection accuracy of a micro - short 
DC / DC converter 4m of m - th string om are configured in the 45 circuit , and low internal resistance leads to an increase in 
same manner as that of first DC / DC converter 41. As contribution of micro - short circuit resistance , which results 
management devices 51-5m respectively control DC / DC in an increase in the detection accuracy of a micro - short 
converters 41-4m , charging / discharging of each of strings circuit . 
61-6m can be controlled independently . As described above , the second exemplary embodiment 

Each of power storage modules 611-61n of first string 61 50 enables estimation of presence or absence of a micro - short 
includes a plurality of cells , a current sensor , a voltage circuit of the power storage unit at the time of charging of 
sensor , and a controller . The controller notifies management power storage system 5 . 
device 51 of a current value detected by the current sensor The present invention has been described based on the 
and a voltage value detected by the voltage sensor through exemplary embodiments . The above exemplary embodi 
a communication line . In the same manner , the other power 55 ments are intended to be illustrative only , and the person of 
storage modules from power storage modules 621-62n of ordinary skill in the art will understand that various modified 
second string 62 to power storage modules 6ml - 6mn of m - th examples are possible for the combination of configuration 
string om also notifies the other management devices from elements and processing processes in the exemplary 
second management device 52 to m - th management device embodiments and that such modifications are also within the 
5m of the corresponding current values and voltage values , 60 scope of the present invention . 
respectively . Slave management devices 52-5m notify mas- In the above first exemplary embodiment , a difference 
ter management device 51 of current values and voltage between peak current values of each of inspection target 
values of the power storage modules through communica- cells S2 - Sn and of reference cell S1 at the time of switching 
tion lines , respectively . from CC charging to CV charging is compared with the 

Master management device 51 has the configuration and 65 above described threshold value , however , peak current 
function shown in FIG . 2 that are the same as those of values of each of inspection target cells S2 - Sn may be 
inspection device 10 of the first exemplary embodiment , and compared with a threshold value for peak current determi 
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nation obtained in advance by deducting a theoretical peak ( S2 - Sn ) and a current value of reference cell ( S1 ) in the same 
current value of reference cell S1 from the threshold value . condition as that of inspection target cell ( S2 - Sn ) . 
In such a case , a configuration without reference cell S1 can [ Item 3 ] 
be employed . Also in the second exemplary embodiment , a An inspection method including : 
peak current value of the target string may be compared with 5 a first step of instructing charging device ( 21-2n ) capable 
the threshold value for peak current determination obtained of charging cell ( S1 - Sn ) to perform constant current charg 
in advance , instead of comparing a difference between the ing of cell ( S1 - Sn ) ; peak current value of the target string and an average value a second step of acquiring a voltage value and a current of the peak currents with the above described threshold value of cell ( S1 - Sn ) from charging device ( 21-2n ) ; value . 

In the second exemplary embodiment , management a third step of instructing charging device ( 21-2n ) to 
device 51 to control first string 61 serves as a master device , perform constant voltage charging of cell ( S1 - Sn ) when a 
however , management device 51 may serve as a slave device voltage value of cell ( S1 ) acquired from charging device 
and another management device may be provided as a ( 21-2n ) reaches a preset value ; and 
master device to control slave management devices 51-5m . 15 a fourth step of determining presence or absence of a 
In the second exemplary embodiment , power storage system micro - short circuit in cell ( S2 - Sn ) with reference to a peak 
5 is a stationary power storage system as an example , but current value of cell ( S2 - Sn ) generated in switching from the 
may be an on - vehicle power storage system . In such a case , constant current charging to the constant voltage charging . 
a motor is connected to power storage system 5 instead of This configuration enables determination of presence or 
system 2 , and power converter 40 is equipped with a 20 absence of a micro - short circuit in cell ( S2 - Sn ) with high 
charging plug to be connected to an external charging accuracy in a short period of time . 
device . [ Item 4 ] 

The exemplary embodiments may be specified by items The inspection method according to item 3 , 
described below : wherein a plurality of charging devices ( 21-2n ) are pro 
[ Item 1 ] 25 vided , 

Inspection device ( 10 ) including : wherein one of charging devices ( 21-2n ) is connected to input and output device ( 17 ) configured to instruct charg reference cell ( S1 ) , and at least another one of the charging ing device ( 21-2n ) capable of charging cell ( S1 - Sn ) to devices ( 22-2n ) is connected to an inspection target cell , perform constant current charging or constant voltage charg wherein in the first step , charging devices ( 21-2n ) are ing , and acquire a voltage value and a current value of cell 30 instructed to perform constant current charging , ( S1 - S2 ) from charging device ( 21-2n ) ; and wherein in the third step , charging devices ( 21-2n ) are controller ( 11 ) configured to instruct charging device instructed to perform constant voltage charging when a ( 21-2n ) to perform constant current charging of cell ( S1 - Sn ) , 
and perform constant voltage charging of cell ( S1 - Sn ) when voltage value of reference cell ( S1 ) reaches a preset value , 

and a voltage value of cell ( S1 ) acquired from charging device 35 
( 21-2n ) reaches a preset value , wherein in the fourth step , a difference between a peak 

wherein controller ( 11 ) is configured to determine pres current value of inspection target cell ( S2 - Sn ) and a current 
ence or absence of a micro - short circuit in cell ( S2 - Sn ) with value of reference cell ( S1 ) is calculated , the peak current 
reference to a peak current value of cell ( S2 - Sn ) generated value of inspection target cell ( S2 - Sn ) being generated in 
in switching from the constant current charging to the 40 switching from the constant current charging to the constant 
constant voltage charging . voltage charging , and the inspection target cell is determined 

This configuration enables determination of presence or as a cell with a micro - short circuit when the difference is 
absence of a micro - short circuit in cell ( S2 - Sn ) with high greater than a threshold value . 
accuracy in a short period of time . This configuration enables determination of presence or 
[ Item 2 ] 45 absence of a micro - short circuit in inspection target cell 

Inspection device ( 10 ) according to item 1 , ( S2 - Sn ) with high accuracy in a short period of time by 
wherein a plurality of charging devices ( 21-2n ) are pro- comparing a peak current value of inspection target cell 

vided , ( S2 - Sn ) and a current value of reference cell ( S1 ) in the same 
wherein one of charging devices ( 21-2n ) is connected to condition as that of inspection target cell ( S2 - Sn ) . 

reference cell ( S1 ) , and at least another one of charging 50 [ Item 5 ] 
devices ( 22-2n ) is connected to an inspection target cell , An inspection program that causes a computer to execute : 

wherein controller ( 11 ) is configured to instruct charging a first process of instructing a charging device ( 21-2n ) 
devices ( 21-2n ) to perform constant current charging , and capable of charging cell ( S1 - Sn ) to perform constant current 
perform constant voltage charging when a voltage value of charging of cell ( S1 - Sn ) ; 
reference cell ( S1 ) reaches a preset value , and a second process of acquiring a voltage value and a 

wherein controller ( 11 ) is configured to calculate a dif- current value of cell ( S1 - Sn ) from charging device ( 21-2n ) ; 
ference between a peak current value of inspection target a third process of instructing charging device ( 21-2n ) to 
cell ( S2 - Sn ) and a current value of reference cell ( S1 ) , the perform constant voltage charging of cell ( S1 - Sn ) when a 
peak current value of inspection target cell ( S2 - Sn ) being voltage value of cell ( S1 ) acquired from charging device 
generated in switching from the constant current charging to 60 ( 21-2n ) reaches a preset value ; and 
the constant voltage charging , and determine that inspection a fourth process of determining presence or absence of a 
target cell ( S2 - Sn ) is a cell with a micro - short circuit when micro - short circuit in cell ( S2 - Sn ) with reference to a peak 
the difference is greater than a threshold value . current value of cell ( S2 - Sn ) generated in switching from the 

This configuration enables determination of presence or constant current charging to the constant voltage charging . 
absence of a micro - short circuit in inspection target cell 65 This configuration enables determination of presence or 
( S2 - Sn ) with high accuracy in a short period of time by absence of a micro - short circuit in cell ( S2 - Sn ) with high 
comparing a peak current value of inspection target cell accuracy in a short period of time . 
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[ Item 6 ] rent value of the inspection target cell and a current 
Management device ( 51 ) configured to manage a power value of the reference cell , and determine that the 

storage unit including m strings ( 61 ) connected in parallel , inspection target cell is a cell with a micro - short circuit 
where m is an integer equal to or greater than 2 , each of the when the difference is greater than a threshold value . 
strings ( 61 ) including n power storage modules ( 611 ) con- 2. An inspection method comprising : 
nected in series , where n is an integer equal to or greater than instructing a charging device to perform constant current 
1 , the management device including : charging of a cell ; 

input and output device ( 17 ) configured to instruct charg- acquiring a voltage value and a current value of the cell 
ing and discharging device ( 40 ) to perform constant current from the charging device ; 
charging or constant voltage charging of the power storage 10 instructing the charging device to perform constant volt 
unit , and acquire at least a voltage value from each of the age charging of the cell when a voltage value of the cell 
power storage modules ( 611-6mn ) , the charging and dis- acquired from the charging device reaches a preset 
charging device being configured to charge and discharge value ; 
the power storage unit ; and acquiring a peak current value of the cell generated in 

controller ( 11 ) configured to instruct charging and dis- 15 switching from the constant current charging to the 
charging device ( 40 ) to perform constant current charging of constant voltage charging ; and 
the power storage unit , and perform constant voltage charg- determining presence or absence of a micro - short circuit 
ing of the power storage unit when a voltage value of the in the cell based on the peak current value , wherein : 
power storage unit reaches a preset value , a plurality of charging devices are provided , and 

wherein controller ( 11 ) is configured to estimate presence 20 the method comprises : 
or absence of a micro - short circuit of each of strings ( 61-6m ) connecting one of the plurality of charging devices to 
with reference to a peak current value of each of strings a reference cell , and at least another one of the 
( 61-6m ) generated in switching from the constant current charging devices to an inspection target cell , 
charging to the constant voltage charging . instructing the charging devices to perform constant 

This configuration enables estimation of presence or 25 current charging , 
absence of a micro - short circuit in each of strings ( 61-6m ) in instructing the charging devices to perform constant 
charging the power storage unit . voltage charging when a voltage value of the refer 
[ Item 7 ] ence cell reaches a preset value , 
Power storage system ( 5 ) including : acquiring a peak current value of the inspection target 
a power storage unit including m strings ( 61 ) connected in 30 cell generated in switching from the constant current 

parallel , where m is an integer equal to or greater than 2 , charging to the constant voltage charging , and 
each of strings ( 61 ) including n power storage modules ( 611 ) calculating a difference between the peak current value 
connected in series , where n is an integer equal or greater of the inspection target cell and a current value of the 
than 1 ; and reference cell , and determining that the inspection 
management device ( 51 ) according to item 6 . target cell is a cell with a micro - short circuit when 
This configuration provides power storage system ( 5 ) that the difference is greater than a threshold value . 

enables estimation of presence or absence of a micro - short 3. A non - transitory computer readable medium storing an 
circuit in each of strings ( 61-6m ) in charging the power inspection program that causes a computer to execute : 
storage unit . instructing a charging device to perform constant current 

The invention claimed is : charging of a cell ; 
1. An inspection device comprising : acquiring a voltage value and a current value of the cell 
an input and output device configured to acquire a voltage from the charging device ; 

value and a current value of a cell from a charging instructing the charging device to perform constant volt 
device ; and age charging of the cell when a voltage value of the cell 

a controller configured to instruct the charging device to 45 acquired from the charging device reaches a preset 
perform constant current charging of the cell , and value ; 
perform constant voltage charging of the cell when a acquiring a peak current value of the cell generated in 
voltage value of the cell acquired from the charging switching from the constant current charging to the 
device reaches a preset value , wherein : constant voltage charging ; and 

the controller is configured to acquire a peak current value 50 determining presence or absence of a micro - short circuit 
of the cell generated in switching from the constant in the cell based on the peak current value , wherein : 
current charging to the constant voltage charging , and a plurality of charging devices are provided , and 
to determine presence or absence of a micro - short the executed program further causes the computer to 
circuit in the cell based on the peak current value , execute : 

a plurality of charging devices are provided , connecting one of the plurality of charging devices to 
one of the plurality of charging devices is connected to a a reference cell , and at least another one of the 

reference cell , and at least another one of the plurality charging devices to an inspection target cell , 
of charging devices is connected to an inspection target instructing the charging devices to perform constant 
cell , current charging , 

the controller is configured to instruct the plurality of 60 instructing the charging devices to perform constant 
charging devices to perform constant current charging , voltage charging when a voltage value of the refer 
and perform constant voltage charging when a voltage ence cell reaches a preset value , 
value of the reference cell reaches a preset value , and acquiring a peak current value of the inspection target 

the controller is configured to acquire a peak current value cell generated in switching from the constant current 
of the inspection target cell generated in switching from 65 charging to the constant voltage charging , and 
the constant current charging to the constant voltage calculating a difference between the peak current value 
charging , calculate a difference between the peak cur of the inspection target cell and a current value of the 
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reference cell , and determining that the inspection 5. A power storage system comprising : 
target cell is a cell with a micro - short circuit when a power storage unit including m strings connected in 
the difference is greater than a threshold value . parallel , where m is an integer equal to or greater than 

4. A management device configured to manage a power 2 , each of the strings including n power storage mod 
ules connected in series , where n is an integer equal to storage unit including m strings connected in parallel , where 5 

m is an integer equal to or greater than 2 , each of the strings or greater than 1 ; and 
the management device according comprising : including n power storage modules connected in series , an input and output device configured to acquire at least where n is an integer equal to or greater than 1 , the a voltage value from each of the power storage management device comprising : modules ; and 

an input and output device configured to acquire at least a controller configured to instruct a charging and dis 
a voltage value from each of the power storage mod charging device to perform constant current charging 
ules ; and of the power storage unit , and perform constant 

a controller configured to instruct a charging and dis voltage charging of the power storage unit when a 
charging device to perform constant current charging of voltage value of the power storage unit reaches a 
the power storage unit , and perform constant voltage preset value , 

wherein the controller is configured to acquire a peak charging of the power storage unit when a voltage value current value of the each of the power storage of the power storage unit reaches a preset value , modules generated in switching from the constant wherein the controller is configured to acquire a peak current charging to the constant voltage charging , 
current value of the each of the power storage modules 20 and to estimate presence or absence of a micro - short 
generated in switching from the constant current charg circuit of each of the strings based on peak current 
ing to the constant voltage charging , and to estimate value , 
presence or absence of a micro - short circuit of each of a plurality of charging and discharging devices are 
the strings based on peak current value , provided , 

a plurality of charging and discharging devices are pro one of the plurality of charging and discharging devices 
vided , is connected to a reference power storage module , 

and at least another one of the plurality of charging one of the plurality of charging and discharging devices is 
connected to a reference power storage module , and at and discharging devices is connected to an inspec 
least another one of the plurality of charging and tion target power storage module , 
discharging devices is connected to an inspection target the controller is configured to instruct the plurality of 

charging and discharging devices to perform con power storage module , 
the controller is configured to instruct the plurality of stant current charging , and perform constant voltage 

charging and discharging devices to perform constant charging when a voltage value of the reference 
current charging , and perform constant voltage charg power storage module reaches a preset value , and 

the controller is configured to acquire a peak current ing when a voltage value of the reference power storage 
module reaches a preset value , and value of the inspection target power storage module 

the controller is configured to acquire a peak current value generated in switching from the constant current 
of the inspection target power storage module gener charging to the constant voltage charging , calculate 
ated in switching from the constant current charging to a difference between the peak current value of the 
the constant voltage charging , calculate a difference 40 inspection target power storage module and a current 
between the peak current value of the inspection target value of the reference power storage module , and 

determine that the inspection target power storage power storage module and a current value of the module is a power reference power storage module , and determine that the module with a micro - short 
inspection target power storage module is a power circuit when the difference is greater than a threshold 

value . storage module with a micro - short circuit when the 45 
difference is greater than a threshold value . 
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